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,QWURGXFWLRQ
(DWLQJEHKDYLRULVRQHRIWKHPDMRUIDFWRUVWKDWDIIHFWKHDOWK,WLVNQRZQWKDWLWLVQRWRQO\HQRXJKWRKDYHDFFHVV
WRIRRGEXWLWLVDOVRQHFHVVDU\WR³NQRZKRZWRHDW´3HRSOHQHHGWRNQRZKRZWRFKRRVHWKHFRUUHFWW\SHRIIRRGDQG
WKHFRUUHFWGDLO\TXDQWLWLHVDORQJWKHGLIIHUHQWOLIHSKDVHV$QHDWLQJGLVRUGHUUHSUHVHQWVDKHDOWKULVNWKHUHIRUHD
KHDOWK\HDWLQJEHKDYLRUDQGDQHQHUJHWLFEDODQFHDUHNH\IDFWRUVWRKDYHDKHDOWK\OLIH7KHSURFHVVRIDJLQJVXEPLWV
WKHRUJDQLVPWRVHYHUDOIXQFWLRQDOFKDQJHVWKDWDIIHFWSHRSOH¶VKHDOWKDQGQXWULWLRQDOFRQGLWLRQVWXUQLQJDEDODQFHG
HDWLQJEHKDYLRUWRKDYHDKLJKHUOHYHORILPSRUWDQFH1RZDGD\VSRSXODWLRQVRIGHYHORSHGFRXQWULHVDUHDJHGGXHWR
WKHLPSURYHPHQWRIKHDOWKVHUYLFHVDORQJDVEHWWHUOLIHDQGZRUNFRQGLWLRQV,QWKHPHDQWLPHWKHORQHOLQHVVRIHOGHUO\
SHRSOHKDVLQFUHDVHGGXHWRWKHUHGXFWLRQRIWKHIDPLO\QXPEHURIPHPEHUVDQGWKHH[LOHRI\RXQJSHRSOHWRWKHPDLQ
XUEDQFHQWHUV7KH WUDGLWLRQDOVXSSRUW IURPIDPLO\KDVEHHQUHSODFHGE\LQVWLWXWLRQDOGRPLFLOLDU\DQGSHUVRQDOL]HG
VHUYLFHV7KHVHVHUYLFHVFDQEHH[SHQVLYHPDLQO\LQVFDWWHUHGDUHDVVXFKDVUXUDO]RQHV
7KH NQRZOHGJH RI FKDQJHV LQ WKH HDWLQJ EHKDYLRU DOORZV H[SHUWV WR GHWHFW KHDOWK SUREOHPV SUHPDWXUHO\
7UDGLWLRQDOO\HDWLQJPRQLWRULQJLVEDVHGLQVHOIUHSRUWZKLFKLVIUHTXHQWO\FRQVLGHUHGDVDEXUGHQE\WKHSDUWLFLSDQWV
$XWRPDWLFPRQLWRULQJ LV SUHVHQWHG DV D VROXWLRQ DOORZLQJ WR HVWLPDWH WKH HDWLQJEHKDYLRU RI D XVHU LQ KLV QDWXUDO
HQYLURQPHQWZLWKRXW WKHQHHG WR LQWHUDFWZLWK WKH V\VWHP6HYHUDODWWHPSWVDUHEHLQJGHYHORSHG WU\LQJ WRDFKLHYH
DXWRPDWLFPRQLWRULQJEXWLQPRVWRIWKHPWKHXVHUQHHGVWRXVHRUZHDUVSHFLDOGHYLFHV±WKH\DUHLQDGHTXDWHWR
PRQLWRU SHRSOH¶VPHDO LQWDNH HVSHFLDOO\ HOGHUO\ SHRSOH DV WKH\ DUH XQFRPIRUWDEOH DQG OHDG WR GLVUXSWLRQV LQ WKH
PRQLWRULQJ6SHFLDOLVWVNHHSEDVLQJLQPDQXDOUHSRUWVSURGXFHGGDLO\LQSDSHURUPRUHUHFHQWO\LQPRELOHGHYLFHV
ZKHUH WKH\DVNSDWLHQWV WR UHJLVWHUZKDW WKH\HDW WRSURPRWHD OHYHORI VHOIFRQVFLRXVQHVV IRU WKH VLWXDWLRQDQG WR
GHYHORSLQWKHSDWLHQWWKHKDELWRIWKLQNLQJEHIRUHHDWLQJ'HVSLWHRIWKHH[HUFLVHRIVHOIFRQVFLRXVQHVVWKH\SURYLGH
WKHVHDSSURDFKHVSUHVHQWVRPHWLPHVLQFRUUHFWUHVXOWVDVLWLVFRPPRQWKDWSDWLHQWVGRQ¶WUHJLVWHUDOOWKHLQJHVWHGIRRG
IRUUHDVRQVVXFKDVVKDPHIRUJHWIXOQHVVRUGLIILFXOW\XVLQJPRELOHGHYLFHV
3UHYLRXVO\ZHFRQGXFWHGDSLORWVWXG\WRHYDOXDWHPHDOLQWDNHEHKDYLRUXVLQJRQO\WKH0LFURVRIW.LQHFWVHQVRU
06.LQHFW,QDILUVWSKDVHZHPDGHDQREVHUYDWLRQRIPHDOLQWDNHJHVWXUHVRUJDQL]LQJWKHPLQWZRPDLQW\SHV
IRRGDQGOLTXLGVDQGVXPPLQJXSWKHLUFKDUDFWHULVWLFV7KHQZHGHILQHGDQH[SHULPHQWDOVFHQDULRZLWKWKHXVHU
VLWWLQJLQIURQWRIDWDEOHZLWKWKH06.LQHFWSRVLWLRQHGWRZDUGVKLP:HDQDO\]HGWKHVLWWLQJVNHOHWRQSURYLGHGE\
WKH06.LQHFWRIGLIIHUHQWSHRSOHZLWKDJHVRIDQGGXULQJWKHLUPHDOVGULQNLQJZDWHUDQGHDWLQJVRXS
DQGPDLQGLVK:HREVHUYHGWKDWWKHUHZDVDUHODWLRQEHWZHHQWKHXVHU¶VJHVWXUHVDQGPHDOLQWDNHWKURXJKWKHDQDO\VLV
RIGLVWDQFHVEHWZHHQWKHKDQGVDQGWKHKHDGWKHJODVVDQGWKHSODWHDQGFRQFOXGHGWKDWLWZRXOGEHSRVVLEOHWRPRQLWRU
WKHHDWLQJEHKDYLRUXVLQJWKLVVHQVRU
,QWKLVSDSHUZHSURSRVHDQDXWRPDWLFPHDOLQWDNHPRQLWRULQJV\VWHPWKDWKHOSVWUDFNLQJSHRSOH¶VHDWLQJEHKDYLRUV
WKDW LVDGHTXDWHIRUHOGHUO\UHPRWHPRQLWRULQJDWKRPHGXHWR LWVQRQLQWUXVLYHIHDWXUHV7KLVSDSHU LVRUJDQL]HGDV
IROORZV LQ VHFWLRQ  ZH SUHVHQW D OLWHUDWXUH UHYLHZ DERXW DXWRPDWLF PHDO LQWDNH PRQLWRULQJ DQG SUHVHQW WKH
EDFNJURXQGRQ+00VLQVHFWLRQZHSUHVHQWWKHDUFKLWHFWXUHRIWKHSURSRVHGV\VWHPLQVHFWLRQZHSUHVHQWWKH
REWDLQHGUHVXOWVDQGLQVHFWLRQZHSUHVHQWRXUFRQFOXVLRQVDQGIXWXUHZRUN
/LWHUDWXUHUHYLHZ
2.1. Automatic meal intake monitoring 
7KH ILUVW DSSURDFK WR VROYH WKH SUREOHP RI WUDGLWLRQDO PHDO LQWDNH PRQLWRULQJ PHWKRGV ZDV WR VLPSOLI\ WKH
UHJLVWUDWLRQRIWKHLQJHVWHGIRRG6LHNXVHGYRLFHUHFRUGHUVDQGEDUFRGHUHDGHUVDOWKRXJKWKHUHVXOWVLQGLFDWHGWKDW
SDUWLFLSDQWVZLWKORZOLWHUDF\VNLOOVKDGGLIILFXOWLHVGHVFULELQJIRRGLWHPVLQYRLFHUHFRUGLQJV
7KHQH[WVWHSZDVWRGHYHORSDXWRPDWLFPHDOLQWDNHPRQLWRULQJDSSURDFKHVDLPLQJDWUHPRYLQJWKHQHHGIRUWKH
XVHUVWRUHJLVWHUWKHIRRGWKH\LQJHVWHGE\WKHPVHOYHVWKURXJKWKHXVDJHRIVHYHUDOGLIIHUHQWVHQVRUV
*DR DLPHG DW PHDVXULQJ WKH IHHGLQJ GLIILFXOWLHV RI SDWLHQWV LQ D QXUVLQJ KRPH  7KH PDLQ JRDO ZDV WR
DXWRPDWLFDOO\ FRXQW WKH QXPEHU RI JHVWXUHV PDGH WR WKH PRXWK IRRG WUDQVSRUWDWLRQ WKURXJK FRPSXWHU YLVLRQ
WHFKQLTXHV,QWKLVZRUNDVHJPHQWDWLRQDOJRULWKPZDVGHYHORSHGWRSURYLGHIHDWXUHVWRWKHV\VWHP
3DWWHUVRQDLPHGDWH[SORULQJWKHLQWHUDFWLRQZLWKREMHFWVWRWUDFHWKHXVHU¶VPRUQLQJDFWLYLWLHV,WZDVLQWHQGHG
IRULQVWDQFHWRUHFRJQL]HQRWRQO\LIWKHXVHUZDVFRRNLQJEXWZKDWKHZDVFRRNLQJ,QWRWDOWKHDXWKRUVVWXGLHG
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GLIIHUHQW DFWLYLWLHV LQFOXGLQJ WKH SUHSDUDWLRQ DQG FRQVXPSWLRQ RI EUHDNIDVW 7KH DXWKRU XVHG
5DGLR)UHTXHQF\,'HQWLILFDWLRQ5),'WDJVIRULGHQWLILFDWLRQLQKRXVHKROGREMHFWVDQGDWDJUHDGHUSODFHGLQWKH
XVHU
VKDQG
&KDQJDLPHGDWPRQLWRULQJWKHWUDQVSRUWRIIRRGIURPFRQWDLQHUVWRWKHSODWH7KHDXWKRUXVHGDWDEOHZLWK5),'
VHQVRUV WR LGHQWLI\IRRGFRQWDLQHUV WKDWFRQWDLQHGGLIIHUHQW W\SHVRIIRRGDQGDZHLJKWLQJVXUIDFHHPEHGGHGRQD
FRPPRQWDEOH%\UHDGLQJWKH5),'WDJVLWLVSRVVLEOHWRREWDLQWKHIRRG¶VQXWULWLRQDOLQIRUPDWLRQDVWKHQXPEHURI
FDORULHVDQGZLWKWKHZHLJKWLQJVHQVRUVLWLVSRVVLEOHWRHVWLPDWHWKHLQJHVWHGTXDQWLWLHV
$PIWXVHGDFRPELQDWLRQRIERG\VHQVRUVWRVWXG\GLIIHUHQWSKDVHVRIWKHXVHU¶VEHKDYLRUGXULQJDPHDOLQFOXGLQJ
D PRWLRQ VHQVRU MDFNHW WR WUDFN LQWDNH JHVWXUHV D PLQL PLFURSKRQH WR UHFRUG FKHZLQJ VRXQGV DQG
FROODUEDVHGVHQVRUVRQWKHWKURDWWRGHWHFWVZDOORZLQJPRYHPHQWV
+RQGRULGHYHORSHGDV\VWHPWRKHOSSRVWVWURNHSDWLHQWVFRPSOHWLQJWKHLUGDLO\DFWLYLWLHVLQGHSHQGHQWO\DQGLQ
DFKHDSHUZD\7KLVDSSURDFKGHWHFWVWKHLQJHVWLRQRIIRRGDQGOLTXLGVLQWKHSDWLHQW¶VKRPH7KHGHYHORSHGV\VWHP
XVHVWKH0LFURVRIW.LQHFWVHQVRUDORQJVLGHLQHUWLDOVHQVRUVSODFHGLQWKHFXWOHU\DQGLQWKHPXJ
=KRXXVHGD VPDUWGLQLQJ WUD\ WRSURYLGH LQIRUPDWLRQRI WKH IRRG¶VZHLJKW WKURXJKSUHVVXUH VHQVRUVSODFHG
XQGHUQHDWKWKHSODWH7KHSUHVVXUHLQIRUPDWLRQZDVDOVRXVHGWRGLVWLQJXLVKEHWZHHQYDULRXVFXWOHU\UHODWHGDFWLYLWLHV
VXFKDVFXWWLQJSRNLQJVWLUULQJRUVFRRSLQJ
7KRPD] FRQWULEXWHV WRZDUGV WKH LPSOHPHQWDWLRQ RI D SUDFWLFDO DXWRPDWHG V\VWHP IRU HYHU\GD\ IRRG LQWDNH
PRQLWRULQJ XVLQJ D ZULVWPRXQWHG LQHUWLDO VHQVRU WR UHFRJQL]H HDWLQJ PRPHQWV EDVHG RQ D[LV DFFHOHURPHWU\
FROOHFWHGZLWKDSRSXODURIIWKHVKHOIVPDUWZDWFK
2.2. Background 
+00VKDYHEHHQVXFFHVVIXOO\DSSOLHGLQWKHFRQWH[WRIJHVWXUHUHFRJQLWLRQEHFDXVHWKH\DUHDSSURSULDWHWRGHDO
ZLWK WKHLUUDQGRPSURSHUWLHV$+00LVDVWDWLVWLFDOPRGHOZLWKXQNQRZQSDUDPHWHUVDQG LWVSXUSRVHFRQVLVWV LQ
GHWHUPLQLQJWKHVHSDUDPHWHUVIURPWKHREVHUYDEOHRQHV7KH\DUHXVHGWRUHSUHVHQWJHVWXUHVDQGWKHLUSDUDPHWHUVDUH
OHDUQHGIURPWKHLUWUDLQLQJLQIRUPDWLRQ%DVHGRQWKHPRVWOLNHO\SHUIRUPDQFHFULWHULRQWKHJHVWXUHVDUHUHFRJQL]HG
HYDOXDWLQJ WKH WUDLQHG+00V7KHPRGHO KDV WKH QDPH ³KLGGHQ´ EHFDXVH DOO \RX FDQ VHH LV RQO\ D VHTXHQFH RI
REVHUYDWLRQV7KHUHDUHHOHPHQWVQHHGHGWRFUHDWHD+00NWKHQXPEHURIVWDWHVLQWKHPRGHOMWKHQXPEHU
RIGLVWLQFWREVHUYDWLRQV\PEROVSHUVWDWHA WKHVWDWHWUDQVLWLRQSUREDELOLW\GLVWULEXWLRQB WKHREVHUYDWLRQV\PERO
SUREDELOLW\GLVWULEXWLRQDQGʌWKHLQLWLDOVWDWHGLVWULEXWLRQ$+00FDQEHFUHDWHGZLWKGLIIHUHQWVWUXFWXUHVDVWKH
HUJRGLF OLQHDU OHIWWRULJKW %DNLV DQG SDUDOOHO 7KH VWUXFWXUHV YDU\ IURP ZKDW VWDWHV FDQ EH UHDFKHG LQ HDFK
WUDQVLWLRQDQGWKHUHDUHSUREOHPV+00VFDQVROYHHYDOXDWLRQGHFRGLQJDQGOHDUQLQJ
6\VWHPDUFKLWHFWXUH
7KHPHDOLQWDNHPRQLWRULQJV\VWHPZDVWKRXJKWWRZRUNLQDVFHQDULRZKHUHWKHXVHUVLWVLQIURQWRIDWDEOHWRWDNH
KLVGDLO\PHDOV)LJ±D$06.LQHFWLVSRVLWLRQHGLQIURQWRIDWDEOHWRWUDFNWKHXVHU¶VVNHOHWRQDQGWRVHQGLWV
FRRUGLQDWHVWRWKHV\VWHP7KHV\VWHPLVFRPSRVHGE\PRGXOHV)LJ±E*HVWXUHVHJPHQWDWLRQWKDWVHJPHQWV
LQFRPLQJ FRRUGLQDWHV WR GHWHFW JHVWXUHV 3UHSURFHVVLQJ WKDW QRUPDOL]HV FRRUGLQDWHV *HVWXUH FODVVLILFDWLRQ WKDW
LGHQWLILHVWKHJHVWXUHVDQG0HDOHVWLPDWLRQWKDWSURYLGHVDQHVWLPDWHRIWKHLQJHVWHGIRRG

D

E
*HVWXUH
GHWHFWLRQ 3UHSURFHVVLQJ
*HVWXUH
FODVVLILFDWLRQ
+00V
0HDOHVWLPDWLRQ06.LQHFW
0HDOLQWDNHPRQLWRULQJV\VWHP

)LJD6FHQDULRZLWKVNHOHWRQPDSSLQJDQGNH\]RQHVRIJHVWXUHGHWHFWLRQE0HDOLQWDNHPRQLWRULQJV\VWHP
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3.1. Scenario 
7KLVVWXG\WULHVWRUHSOLFDWHLQWKHODEWKHPHDOFRQGLWLRQRIDQHOGHUO\SHUVRQOLYLQJDORQH:HHQYLVLRQWKHXVHU
VLWWLQJLQKLVOLYLQJURRPZDWFKLQJ79ZKLOHKDYLQJDPHDO±SRVVLEO\DSUHSUHSDUHGPHDOEURXJKWE\DFRPPXQLW\
FHQWHU7KH06.LQHFWLVSRVLWLRQHGLQIURQWRIKLPDWDGLVWDQFHRIPHWHUVIURPWKHXVHUDWDKHLJKWRIPHWHUV
IURP WKH IORRU DQGZLWK D WLOW RI  GHJUHHV ,W DXWRPDWLFDOO\ GHWHFWV WKH XVHU¶V VLWWLQJ VNHOHWRQ UHSUHVHQWLQJ 
GLIIHUHQWMRLQWVKDQGVZULVWVHOERZVVKRXOGHUVVKRXOGHUFHQWHUDQGKHDG
3.2. Gesture detection and segmentation 
$PHDOLQWDNHJHVWXUHFRQVLVWVLQDPRYHPHQWRIRQHRIWKHKDQGVIURPWKHSODWHRUJODVV]RQHWRWKHPRXWK,Q
RUGHUWRWKH*HVWXUHGHWHFWLRQPRGXOHZRUNZHPDUNHGWKH]RQHVRIWKHSODWHDQGWKHJODVV)LJ±DUHGFLUFOHV
7KHPRGXOHFRPSXWHVWKHGLVWDQFHVIURPWKHSRVLWLRQRIWKHKDQGVWRWKHKHDGWKHSODWHDQGWKHJODVV%DVHGRQWKRVH
GLVWDQFHVDQGWKHLUYDULDWLRQLQWLPHVSHHGWKHPRGXOHVHJPHQWVHDFKFDQGLGDWHJHVWXUH$VHTXHQFHRIFRRUGLQDWHV
ZLOOEHFRQVLGHUHGDVDFDQGLGDWHJHVWXUHLIWKHGLVWDQFHVEHWZHHQWKHKDQGVDQGSODWHRUWKHJODVVDUHOHVVWKDQDG0LQ
DQGZLWKDQDYHUDJHGXUDWLRQLQWKHLQWHUYDO>WPLQWPD[@
3.3. Pre-processing 
7RQRUPDOL]HWKHMRLQWVFRRUGLQDWHVZHFKRVHWRSHUIRUPDQLQLWLDO'SUHSURFHVVLQJVLPLODUWRWKHRQHPDGHE\
1DWWHH LQ ' 7KLV SURFHVV LV FRPSRVHG E\  GLIIHUHQW SKDVHV GXSOLFDWH SRLQW HOLPLQDWLRQ VL]H QRUPDOL]DWLRQ
VPRRWKLQJVSHHGQRUPDOL]DWLRQDQGFRQYHUVLRQWRUHFWDQJXODUFRRUGLQDWHVWRGLUHFWLRQV\PEROV
 'XSOLFDWHSRLQWHOLPLQDWLRQGHOHWHVDOOSRLQWVWKDWKDYHWKHVDPH;<=FRRUGLQDWHVDVWKHSUHYLRXVSRLQWLQWKH
VHTXHQFH
 6L]HQRUPDOL]DWLRQQRUPDOL]HVWKHFRRUGLQDWHVZLWKLQWKH>@7KH;<FRRUGLQDWHVSURYLGHGE\06.LQHFW
DUHUHSUHVHQWHGLQD[LPDJHDQGWKH=FRRUGLQDWHLVWKHGLVWDQFHWRWKHVHQVRULQPLOOLPHWHUV
 6PRRWKLQJVPRRWKLQJLVXVHGWRUHGXFHVLJQDOKLJKIUHTXHQF\QRLVH:HFDOFXODWHGWKHDYHUDJHRIHDFKSRLQW
ZLWKWKHSUHYLRXVDQGQH[WRQHV
 6SHHGQRUPDOL]DWLRQUHPRYHVWKHLQIOXHQFHRIVSHHGLQWKHWUDMHFWRU\DQGSXWVWKHSRLQWVHTXDOO\VSDFHG
,Q)LJZHSUHVHQWDJUDSKLFDOUHSUHVHQWDWLRQRIWKHVHILUVWSKDVHVRIWKH3UHSURFHVVLQJ
)LJ3UHSURFHVVLQJSKDVHVD2ULJLQDOVLJQDOE6L]H1RUPDOL]DWLRQF6PRRWKLQJDQGG6SHHG1RUPDOL]DWLRQ
$VZHFDQVHHLQSKDVHEWKHQRUPDOL]DWLRQUHVXOWHGLQDVFDOHFKDQJHLQSKDVHFWKHSRLQWVVOLJKWO\FKDQJHG
WKHLUSRVLWLRQPDNLQJWKHWUDMHFWRU\VPRRWKHUDQGLQWKHSKDVHGWKHWUDMHFWRU\KDVDODUJHUQXPEHURISRLQWVHTXDOO\
VSDFHG
 &RQYHUVLRQ RI ;<= FRRUGLQDWHV WR  GLUHFWLRQ V\PEROV ZH XVH  V\PEROV WR UHSUHVHQW WKH WUDMHFWRU\
SURJUHVVLRQLQGLIIHUHQWGLUHFWLRQVDQGRQHPRUHWRUHSUHVHQWQRSURJUHVVLRQLQWKHWUDMHFWRU\
3.4. Gesture classification 
&DQGLGDWHJHVWXUHVDUHSURFHVVHGLQ+00VXEPRGXOHVLQRUGHUWRFDOFXODWHWKHSUREDELOLW\RIDJLYHQJHVWXUH
UHODWLYHO\WRWKHGLIIHUHQW+00VZKLFKUHSUHVHQWWKHFRQVLGHUHGW\SHVRIPHDOJHVWXUHVWUDQVSRUWRIVRXSIURPWKH
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SODWHWRWKHPRXWKXVLQJWKHULJKWKDQGWUDQVSRUWRIPDLQGLVKXVLQJWKHULJKWKDQGWUDQVSRUWRIPDLQGLVKXVLQJ
WKHOHIWKDQGOLTXLGVWUDQVSRUWDWLRQIURPWKHJODVVWRWKHPRXWKXVLQJWKHULJKWKDQGDQGOLTXLGVWUDQVSRUWDWLRQXVLQJ
WKHOHIWKDQG:HFRQVLGHUHGWKHVRXSW\SHXVLQJRQO\WKHULJKWKDQGDVIURPWKHDFTXLUHGGDWDDOOWKHSDUWLFLSDQWV
XVHGWKHULJKWKDQG
7KH+00KDYLQJWKHKLJKHVWSUREDELOLW\RIJHQHUDWLQJWKHVHTXHQFHRIYDOXHVRIWKHJLYHQJHVWXUHZLOOEHWKHRQH
FKDUDFWHUL]LQJ WKHJHVWXUH:LWK+00VZHDUHDEOH WRFDOFXODWH WKHSUREDELOLW\RIDJLYHQVHTXHQFHKDYLQJEHHQ
JHQHUDWHGE\WKHUHVSHFWLYH+00(DFKRQHRIWKH+00VXEPRGXOHVKDV+00VRQHIRUHDFKRQHRIWKHMRLQWV
KDQGVHOERZVVKRXOGHUVDQGVKRXOGHUFHQWHUH[LVWLQJDWRWDORIî +00V:HKDYHGLVFDUGHGWKHMRLQWVRI
WKHKHDGDVWKLVRQHUHPDLQHGEDUHO\VWDWLFGXULQJWKHSHUIRUPHGWHVWVDQGKDVDVLPLODUEHKDYLRUDVWKHVKRXOGHUFHQWHU
RQHDQGWKHMRLQWVRIWKHZULVWVZKLFKKDYHDSDUDOOHOEHKDYLRUDVWKHKDQGV$VREVHUYDWLRQVZHXVHGWKHFRRUGLQDWHV
RIWKHMRLQWVSUHSURFHVVHGDQGUHSUHVHQWHGZLWKGLUHFWLRQV$OO+00VKDYHVWDWHVZLWKDQHUJRGLFVWUXFWXUH
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)LJ6WDWHGLDJUDPRIWKH+00V
$VWKHUHVXOWIURPHDFKJHVWXUHHYDOXDWLRQZHREWDLQSUREDELOLWLHVWKDWUHSUHVHQWWKHSUREDELOLW\RIHDFK+00
JHQHUDWLQJWKHJLYHQVHTXHQFH)RUHDFKRQHRIWKHGLIIHUHQWW\SHRIJHVWXUHVZHREWDLQGLIIHUHQWYDOXHVLQHDFK
+00VXEPRGXOHRQHIRUHDFKMRLQW7KHVHYDOXHVDUHQHJDWLYHDQGUHSUHVHQWWKHSUREDELOLW\WKURXJKDORJDULWKPLF
QRWDWLRQ7KLVLVIUHTXHQWO\XVHGLQWKLVW\SHRIFDOFXODWLRQVGXHWRWKHIDFWWKDWWKLVSURFHVVXVLQJORJDULWKPLFVXPV
LV FRPSXWDWLRQDOO\ OLJKWHU LQ RSSRVLWH RI XVLQJPXOWLSOLFDWLRQV WKDW DUH WUDGLWLRQDOO\ XVHG7KH VXEPRGXOH+00
KDYLQJWKHKLJKHVWSUREDELOLW\IRUHDFKMRLQWZLOOEHFODVVLILHGKDVKDYLQJJHQHUDWHGWKHJHVWXUH
6RIDUZHREWDLQWKHSUREDELOLWLHVIRUHDFKLQGLYLGXDOMRLQWDOWKRXJKWKDWWXUQHGRXWWREHLQVXIILFLHQWDVXVLQJWKH
FODVVLILFDWLRQRIHDFKMRLQWDORQHZHREWDLQRQO\DURXQGRIFRUUHFWFODVVLILFDWLRQV7KHUHIRUHZHQHHGDJOREDO
FODVVLILFDWLRQZLWKDOOWKHMRLQWV7RDFKLHYHWKLVZHSURSRVHGWKUHHGLIIHUHQWPHWKRGV
 0HWKRG±&RXQWRFFXUUHQFHVZHFRXQWWKHQXPEHURIRFFXUUHQFHVRIWKHPD[LPXPSUREDELOLWLHVIRUHDFK
VXEPRGXOH+00DQG WKH RQH KDYLQJ WKH ODUJHVW QXPEHUZLOO FODVVLI\ WKH JHVWXUH$OWKRXJK WKHUH¶V WKH
SRVVLELOLW\RIH[LVWLQJRUW\SHVRIJHVWXUHVZLWKWKHVDPHQXPEHURIRFFXUUHQFHV)RUWKDWZHDQDO\]HGWKH
JHVWXUHVXVHGIRUWUDLQLQJWKHPRGHOVFODVVLILHGWKHPDQGGHVLJQHGDWLHEUHDNHUWDEOHE\FRXQWLQJWKHQXPEHU
RIWLHRFFXUUHQFHVDQGLGHQWLILFDWLRQRIWKHFRUUHVSRQGLQJJHVWXUH
 0HWKRG±:HLJKWHGFODVVLILFDWLRQRIWKHULJKWDQGOHIWDUPVWKHFODVVLILFDWLRQLVPDGHE\VHSDUDWLQJWKHULJKW
DUPULJKWKDQGULJKWHOERZDQGULJKWVKRXOGHUMRLQWVDQGWKHOHIWDUPOHIWKDQGOHIWHOERZDQGOHIWVKRXOGHU
MRLQWV±ZHGRQ¶WWDNHLQFRQVLGHUDWLRQWKHVKRXOGHUFHQWHUMRLQWLQWKLVPHWKRG)RUHDFKDUPZHDVVLJQHGD
UHOHYDQFHIDFWRUIRUHDFKRQHRIWKHLUMRLQWVZKLFKDOORZVXVWRFODVVLI\WKHDUPWKURXJKWKHFODVVLILFDWLRQRI
WKH+00V:KHQWKHFODVVLILFDWLRQRIWKHDUPVLVGLIIHUHQWZHXVHGDGHFLVLRQWDEOHREWDLQHGEDVHGRQWKH
FODVVLILFDWLRQRI WKH WUDLQLQJJHVWXUHV)RU WKHFRPELQDWLRQV WKDWGLGQ¶WKDSSHQ LQ WKH WUDLQLQJJHVWXUHVZH
RSWHGE\XVLQJWKHFODVVLILFDWLRQRIWKHULJKWDUPWRFODVVLI\WKHJHVWXUH
 0HWKRG±5LJKWKDQGJHVWXUHVYVOHIWKDQGJHVWXUHVZHFRXQWWKHQXPEHURIRFFXUUHQFHVVHSDUDWHO\IRUWKH
JHVWXUHVSHUIRUPHGZLWKULJKWKDQG>6RXS0DLQGLVKULJKWKDQGDQG/LTXLGVULJKWKDQG@DQGIRUWKHJHVWXUHV
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SHUIRUPHGZLWKWKHOHIWKDQG>0DLQGLVKOHIWKDQGDQG/LTXLGVOHIWKDQG@UHIHUULQJWRWKHUHVSHFWLYHDUP
7KHKDQGRIWKHDUPKDYLQJPRUHRFFXUUHQFHVZLOOFODVVLI\WKHJHVWXUH,QFDVHRILQWKHGHFLGLQJDUPWKH
KDQGKDVDFODVVLILFDWLRQRIDJHVWXUHSHUIRUPHGZLWKWKHRSSRVLWHDUPWKHGHFLGLQJUROHZLOOEHSDVVHGWRWKH
HOERZDQGVXFFHVVLYHO\WRWKHVKRXOGHU,IWKHQXPEHURIRFFXUUHQFHVLVWKHVDPHWKHKDQGRIWKHDUPKDYLQJ
PRUHRFFXUUHQFHVRIWKHVDPHW\SHZLOOFODVVLI\WKHJHVWXUH,QFDVHWKHUHFRQWLQXHVWREHDWLHZHGHILQHGWKDW
WKHULJKWKDQGMRLQWZLWKWKHPRVWFRUUHFWFODVVLILFDWLRQVLQWKHWUDLQLQJJHVWXUHVZLOOFODVVLI\WKHJHVWXUH,Q
WKLVPHWKRGZHDOVRGRQ¶WFRQVLGHUWKHVKRXOGHUFHQWHUMRLQW
3.5. Meal estimation 
7KLVPRGXOHHVWLPDWHV WKHXVHU¶VEHKDYLRU W\SHDQGTXDQWLW\RI LQJHVWHG IRRGDQGHDWLQJKDELWVEDVHGRQ WKH
QXPEHURIJHVWXUHVFODVVLILHGLQWKHSUHYLRXVPRGXOH%\FRXQWLQJWKHQXPEHURIJHVWXUHVLWLVSRVVLEOHWRHVWLPDWH
WKHTXDQWLW\DQGZKDWW\SHRIIRRGWKHXVHUKDVLQJHVWHG
7RH[SODLQWKHIXQFWLRQLQJRIWKLVPRGXOHOHW¶VFRQVLGHUWKHDFTXLUHGPHDOVZLWKWKHUHVSHFWLYHQXPEHURIJHVWXUHV
IRUWKHW\SHV%\REVHUYLQJWKRVHYDOXHVDQGDVVXPLQJWKHXVHUDYHUDJHO\LQJHVWVWKHVDPHDPRXQWRIIRRGLQDOO
PHDOVZHFRQFOXGHG WKDW IRU LQJHVWLQJDFRPSOHWH VRXS W\SHRIPHDO LQDYHUDJH WKHXVHUSHUIRUPV WUDQVSRUW
JHVWXUHVIRUDFRPSOHWHRIWKHPDLQGLVKWKHXVHUSHUIRUPVJHVWXUHVDQGIRUDFRPSOHWHRIOLTXLGVDIXOOJODVVRI
ZDWHUWKHXVHUSHUIRUPVJHVWXUHV7KHUHIRUHOHW¶VDVVXPHGXULQJDPHDOWKHV\VWHPUHFRJQL]HGVRXSJHVWXUHV
PDLQGLVKJHVWXUHVDQGOLTXLGJHVWXUHV:HFDQWKHQHVWLPDWHWKDWWKHXVHULQJHVWHGRIDVRXSW\SHRI
PHDORIDPDLQGLVKW\SHRIPHDODQGRIDOLTXLGW\SHRIPHDOKDOIJODVVRIZDWHU
5HVXOWV
:H WHVWHG WKH GHWHFWLRQ DQG FODVVLILFDWLRQ PRGXOHV RI WKH SURSRVHG V\VWHP ZLWK DFTXLUHG GDWD RI GLIIHUHQW
SDUWLFLSDQWVZLWKDJHVRIDQG\HDUVROGGXULQJWKHLUPHDOVGULQNLQJZDWHUHDWLQJVRXSDQG
HDWLQJPDLQGLVK,QWRWDOZHKDGVHTXHQFHVRIWKHW\SH6RXSRIWKH0DLQGLVKULJKWKDQGRIWKH0DLQGLVK
OHIWKDQGRIWKH/LTXLGVULJKWKDQGDQGRIWKH/LTXLGVOHIWKDQG1RWHWKDWZHZHUHDEOHWRDFTXLUHGRQO\
VHTXHQFHVIRUWKH0DLQGLVKULJKWKDQGDVPRVWSHRSOHHDWWKHPDLQGLVKXVLQJDIRUNLQWKHOHIWKDQG
:HVWDUWHGWHVWLQJWKHFODVVLILFDWLRQPRGXOHE\FUHDWLQJDJURXQGWUXHZLWKDVHWRIDFTXLUHGJHVWXUHVPDQXDOO\
VHJPHQWHGLUUHJXODUPRWLRQJHVWXUHVZHUHGLVFDUGHG7KHYDOLGJHVWXUHVZHUHRUJDQL]HGDQGMRLQHGE\W\SH
RIPHDOLQGHSHQGHQWO\RIWKHSHUVRQZKRSHUIRUPHGWKHP)RUHDFKW\SHRIHYHU\VHTXHQFHZHXVHGWKLUGVRIWKH
JHVWXUHVWRWUDLQWKH+00VDQGWKHUHPDLQLQJRQHIRUHYDOXDWLRQ7KHQZHHYDOXDWHGWKHGHWHFWLRQPRGXOHZLWKWKH
JHVWXUHV
4.1. Gesture detection and segmentation 
,QWKHJHVWXUHGHWHFWLRQPRGXOHWKHWHVWVZHUHSHUIRUPHGFRXQWLQJWKHWUXHSRVLWLYHV73IDOVHSRVLWLYHV)3DQG
IDOVH QHJDWLYHV )1 IRU HDFK W\SH RIPHDO 7KH73 DUH WKH SHUFHQWDJH RI JHVWXUHV WKDWPHWKRG GHWHFWHG DQG WKH
SDUWLFLSDQWSHUIRUPHGWKHJHVWXUHWKH)3DUHWKHSHUFHQWDJHRIJHVWXUHVWKDWPHWKRGGHWHFWHGEXWWKHSDUWLFLSDQWGLGQ¶W
SHUIRUPWKHJHVWXUHDQG)1DUHWKHSHUFHQWDJHRIJHVWXUHVWKDWWKHPHWKRGGLGQ¶WGHWHFWEXWWKHSDUWLFLSDQWSHUIRUPHG
DJHVWXUH7DEOHSUHVHQWVWKHUHVXOWVRIWKHGHWHFWLRQPRGXOH
7DEOH$YHUDJHSHUFHQWDJHRIFRUUHFWLQFRUUHFWDQGPLVVHGGHWHFWLRQV
7\SHRIPHDO 73 )3 )1
6RXS   
0DLQGLVKULJKWKDQG   
0DLQGLVKOHIWKDQG   
/LTXLGVULJKWKDQG   
/LTXLGVOHIWKDQG   
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,QWKH6RXSZHJRWDJRRGUHSUHVHQWDWLRQRIWKHPHDOZLWK73DQGRI)3,QWKH0DLQGLVKWKHPHDO
JHVWXUHVGHWHFWLRQZDVVDWLVIDFWRU\DQG73EXWDODUJHQXPEHURIQRQHHDWLQJJHVWXUHVZHUHGHWHFWHGLQ
WKHULJKWKDQG)3ZKLFKLVDELWKLJKDQGLQWKHOHIWKDQGZKLFKLVYHU\KLJK)LQDOO\LQWKH/LTXLGVZH
JRWDYHU\JRRGUHSUHVHQWDWLRQRIWKHPHDODQG73DQGDVKRUWQXPEHURIQRQHHDWLQJJHVWXUHVDQG
:HDNHUUHVXOWVZHUHREWDLQHGLQWKH0DLQGLVKEHFDXVHWKHJHVWXUHVDUHPDGHZLWKERWKKDQGVVLPXOWDQHRXVO\
QHDUWKHSODWHDQGWKH06.LQHFW¶VVNHOHWRQPDSSLQJLVPRUHVXVFHSWLEOHWRJHQHUDWHHUURUVLQWKHMRLQWV¶SRVLWLRQV
4.2. Gesture classification 
7KHJHVWXUHFODVVLILFDWLRQPRGXOHWHVWVZHUHPDGHZLWKWKHPHWKRGVSUHVHQWHGLQDQGWKHUHVXOWVDUHVXPPHG
XSLQ7DEOH
7DEOH$YHUDJHVXFFHVVSHUFHQWDJHIRUWKHWKUHHPHWKRGV
7\SHRIPHDO 0HWKRG 0HWKRG 0HWKRG
6RXS   
0DLQGLVKULJKWKDQG   
0DLQGLVKOHIWKDQG   
/LTXLGVULJKWKDQG   
/LTXLGVOHIWKDQG   

,QWKH6RXS0HWKRGDQG0HWKRGREWDLQHGWKHEHVWSHUIRUPDQFHDQGIROORZHGE\0HWKRGZLWK
OHVV,QWKH0DLQGLVK0HWKRGZDVWKHEHVWDQGDOWKRXJK0HWKRGREWDLQHGLQWKHULJKW
KDQGDQG0HWKRGREWDLQHGLQ WKH OHIWKDQG)LQDOO\ LQ WKH/LTXLGVRQO\ WKH ULJKWKDQGKDGVDWLVIDFWRU\
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